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Description 

iMTROni inTION TO THE INVENTION 

5 [0001] The invention relates to formulations which are applied to skin to reduce the amount of solar ultraviolet radia- 
tion received by the skin. More particularly, the invention relates to high SPF formulations corrta.n,ng particulate *hca. 
[0002] It is now generally recognized that exposure to solar radiation can have adverse health consequences some- 
times not appearing until several years following the exposure. Of course, the immed.ately appeanng sunburn from an 
overexposure can itself be a serious acute health problem. 
10 [0003] Many products are available to reduce the amount of solar ultravolet rad.at.on receded by the star . dunng 
exposure to the sun's rays. Typical product formulations are lotions, creams, ointments or gels conta.n.ng chemica 
anSSr physical barriers to ultraviolet transmission. These very considerably in their abilities to protect the sk,n against 



the physical and biochemical effects of ultraviolet radiation. 

[0004] Earlier sunscreening formulations were designed to protect against sunburn from a limited sotar exposure 
period, while transmitting sufficient radiation to permit skin tanning. However, the current focus .s on e iminabng , as 
much ultraviolet exposure as posstole. it being recognized that skin tanning while esthetically P'^Jf^^ * 
clear indication of tissue damage from overexposure to solar radiation. It has been recently discovered I thatany amount 
of unprotected exposure can potentially cause immune system suppression and lead to future health problems, such 

as skin carcinomas and other dermatological disorders. i„«»i~-i„„ 

[0005] The SPF (Sun Protection Factor) rating system has been developed to prov.de consumer guioance in selecting 
suitable sunscreens for any given outdoor activity. In general . the SPF number appropriately corresponds to *emulti- 
ple of time during which the properly applied sunscreen will prevent obvious reddening of the skm over the exposure 
Erne that causes unprotected skin to exhibit reddening. Thus, a person should be able to remain in the sun witho* vis- 
ible effects for eight times the usual unprotected duration, if an SPF 8 sunscreen formulation has been properly ^apphed 
Of course, the duration of unprotected exposure which produces a visible effect on the skin ^£^"*7" 
to another, due to differences in their skin cells. Currently popular are high-SPF "sunblocker' products, having SPF val- 

[0006] ^ Mottrf the commercially available sunscreen formulations are not well suited for use by those engaged in 
strenuous outdoor activities, such as construction work, gardening, athletic events and many others due to the ten- 
dency for perspiration from the body to interact with the applied formulation. For example, persp.rat.on (« J*™ 
other sources, including rain) can cause sunscreen active ingredients and other irr.tating components of the formulation 
to enter the eyes and cause discomfort. It is also frequently detrimental, particularly in activities such as tenn,s whch 
require a reliable grip on equipment, to have an applied sunscreen formulation remain lubricous after application or 
become lubricious when mixed with perspiration or other moisture. *^^ anac 
[0007] A sunscreen product which has been available for several years, but which does not exh.brt disadvantages 
such as the foregoing, is sold by Schering-Plough HeaKhCare Products, Inc., Memphis. Tennessee U.S.A as COP- 
PERTONE® SPORT® SPF 30 lotion. This product contains the active ingredients octyl salicylate, octyl methoxycinna- 
mate and oxybenzone. totaling 17.5 weight percent of the formulation, and is an oil-in-water emulsion formulated with 
1 5 weight percent of a fumed silica having a hydrophobic surface treatment. It is thought that the silica serves to immo- 
bilize the active agents in the internal phase of the formulation and inhibit their migration under the inf luence of skin o.ls 
and/or external moisture. The product also has a very desirable "dry" feel as it is being applied, quite unlike the very 
liquid nature of the usual lotion which does not contain particulate ingredients other than those approved for use as sun- 

SoX] ^ereTsfneed tor products having physical attributes as those of the Coppertone Sport SPF 30 product, but 
which have more predictable formulation behavior and stability characteristics and can be made to have higher SPF val- 
ues. 

fil jMMARY OF THE INVENTION 

so [0009] The invention includes sunscreen emulsion formulations of the oil-in-water type containing an aqueous phase 
an emulsifier at least one ultraviolet-absorbing organic compound and hydrophobically treated silica particles, which 
oarticles are preferably totally wettable by a 50 volume percent aqueous solution of methanol, wherein the concentra- 
tion of said organic compounds is at least about 30 times the concentration of the silica. Particularly preferred formula- 
tions have concentration ratios of said organic compounds to silica of at least about 40. 
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DETAILED DFBKRIPTION OF THE INVENTION 

[0010] Names given to chemical substances herein generally are either accepted chemical names, or are trade 
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organization or regulatory agency approved names such as CTFA Adopted Names as listed in J. M. Nikitakis et al 
Eds.. CTFA international Cosmetic Ingredient Dictionary, Fourth Ed, The Cosmetic, Toiletry and Fragrance Associa- 
tion, Washington, D.C., 1991. 

[001 1 ] For purposes of the present invention, an "ultraviolet-absorbing organic compound" shall include all of those 
5 materials which are regarded as acceptable for use as active sunscreening ingredients. Approval by a regulatory 
agency is generally required for inclusion of active agents in formulations intended for human contact, and those active 
agents which have been or are currently approved for sunscreen use in the United States include, without limitation 
am.nobenzoic acid, avobenzone, cinoxate, diethanolamine methoxycinnamate, digalloyl trioleate, dioxybenzone ethyl 
4-[bis(hydroxypropyl)]aminobenzoate, 2-ethylhexyl 2-cyano-3.3-diphenylacrylate, glyceryl aminobenzoate. homo- 
w salate, menthyl anthranilate, octocrylene, octyl methoxycinnamate. octyl salicylate, oxybenzone. padimate A, padimate 
O, phenylbenzimidazde sulfonic acid, sulisobenzone. and trolamine salicylate. Several other sunscreen active ingredi- 
ents are accepted for use in other countries. It is typical to use combinations of two or more sunscreen ingredients in a 
formulation, to achieve higher levels of ultraviolet absorption or to provide useful absorption over a wider range of ultra- 
violet wavelengths than can be the case with a single active component. Also, mixtures may permit a reduction in the 
15 level of certain otherwise desirable agents which have a higher potential for skin irritation or other adverse effects 
[0012] It is possible that submicron-sized particles of hydrophobic silica can act to immobilize the sunscreen active 
agents, such that they will not migrate on the skin under the influence of skin oils, or perspiration or other moisture How- 
ever, an acceptable mechanism for this effect has not yet been proposed, and it is certainly not intended to limit the 
invention in any manner by a particular theory of operation. Suitable silicas for use in the present invention include sub- 
micron silicas which have been chemically treated to provide a hydrophobic surface, such as with organosilicon com- 
pounds. These silicas, some of which are described in European Patent Application 0 745 648 published on December 
4, 1996, can be obtained from several companies, including Cabot Corporation of Tuscola, Illinois U.S.A. Wacker- 
Chemie GmbH of Munich, Germany and Degussa AG of Hanau, Germany. 

[001 3] Organosilicon compounds commonly used to provide hydrophobicity include silanes, siloxanes and silazanes 
More specifically, commercially available silica products have been reacted with compounds which include trialkylha- 
losilane, dialkylhalosilane, octaalkylcyclotetrasiloxane, hexaalkyldisilazane, hexaalkyltrisilazane and others 
[0014] An example of a useful treated silica is the AEROSIL® R 972 product from Degussa. which is a fumed silica 
that has been reacted with dimethyldichlorosilane to render the particles hydrophobic. The hydrophobic nature of this 
material is qualitatively evidenced by a propensity of the treated particles to float (i.e.. not be wetted) in water Silicas 
are commercially available with other hydrophobic surface treatments, and many of these are suitable for preparing the 
emulsions of the invention. The Cabot products useful in the invention are sold under the CAB-O-SIL® brand such as 
CAB-O-SIL TS610 which is a fumed silica treated with dichlorodimethylsilane 

[001 5] The present inventors have determined that the silica must have a certain level of hydrophobicity for optimum 
results in the invention. A useful test for this property measures the fraction of silica which is wetted (i.e sinks) in meth- 
35 anol-water solutions of varying concentrations (Method # ACM-125, "Determination of the Methanol Wettability of 
Hydrophobic Fumed Silicas by the Multipoint Method. • Degussa Corporation. Akron, Ohio U.S.A.. March 1994)- small 
constant amounts (e.g.. 0.200 grams) of silica samples are weighed into graduated 1 5 milliliter centrifuge tubes; 8 0 mil- 
liliters of a methanol test solution is added to each and the tube contents mixed; the tubes are centrifuged; and then the 
volume of sediment (wetted silica) is read from the tube graduations. The percentage of silica wetted by a particular 
methanol solution can be determined by comparing its sediment volume with the sediment volume observed when that 
same silica is contacted with a methanol solution which completely wets the silica, as indicated by the total visual 
absence of floating silica particles in the centrifuge tube. 

[001 6] In general, to ensure optimum product properties and ease of formulation, it is preferred that the silica should 
be totally wettable by a 50 volume percent aqueous methanol solution, less than about 25 percent of the particles 
should be wettable by 35 volume percent methanol, and essentially none (less than about 3 percent of the particles) 
should be wettable by 30 volume percent methanol. For better results, at least with AEROSIL R 972 produced in Ger- 
many, a more preferred silica will be essentially not wetted by either 30 or 35 volume percent aqueous methanol and 
will be totally wetted by 50 volume percent methanol; however, some of this silica produced in Japan fails to perform 
adequately, even though it passes this test. A certain variability in silica hydrophobicity has been observed from batch- 
to-batch of all commercial products, and acceptable sunscreen formulations can frequently be produced using silica not 
meeting these specifications, but the production is much more reliable when the silica has the preferred properties 
[0017] The silica particles must be quite small, so that they do not occupy the complete volume of the generally 
micron-sized internal phase of the emulsion. AEROSIL R 972 is claimed by its manufacturer to have an average "pri- 
mary" particle size of 16 nm, but the material as received shows considerable aggregation; when present in an emul- 
sion formulation, the aggregates probably remain much larger than this primary size. The average aggregate size 
generally should not exceed about 1 micrometer. Fumed silica most readily can be produced in appropriate particle 
sizes, but other silicas, such as precipitated silicas and silica aerogel, can also be hydrophobically treated and used in 
the present invention. 
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[0018] The ratio of sunscreen active agent concentration to silica concentration in the emulsion formulation should be 
at least about 30, and preferably should be at least about 40. 

[001 9] A combined silica and sunscreen active agent mixture (the "oil" phase), optionally also containing other soluble 
or dispersive formulation components such as emulsif iers, preservatives, emollients, etc., is emulsified with an aque- 

5 ous phase, optionally also containing soluble or dispersible formulation components such as emulsifiers. pH buffers, 
ionic strength adjusters, thickeners, etc. using conventional equipment and techniques. Typical formulations are pro- 
duced using heated aqueous and/or oil phases, which are combined under conditions of high shear. Shear can be gen- 
erated by vigorous stirring, subjecting mixtures to high pressures, intersecting high-pressure jets and other techniques 
which are well known to those skilled in the art. The present invention is not dependent upon any particular formulation 

10 technique, it being recognized that the choice of specific formulation components may well make necessary some spe- 
cific formulation procedure. 

[0020] Suitable emulsifiers for the invention are those known in the art for producing oil-in-water type emulsions. An 
aqueous external phase is preferred by many people for skin contact, since it is not as likely to produce an oily or greasy 
sensation when it is being applied, as is an emulsion having an oil external phase. The typical oil-in-water emulsif ier has 

is a hydrophilic-lipophilic balance (frequently abbreviated as n HLET) value greater than about 9. as is well known in the art; 
however, this "rule" is known to have numerous exceptions. The chosen emulsif ier. depending upon its chemical nature, 
will be a component of either the oil or aqueous phase, and assists with both the formation and the maintenance, or 
stability, of the emulsion. Sunscreen products are normally lotions, but creams, sprayable liquids and other forms are 
also useful and may be prepared by a proper choice of components, as is well known in the formulation art. 

20 [0021 ] Most of the widely used oil-in-water emulsif ier systems for sunscreen formulations can be used in the invention. 
Such emulsifiers are exemplified by sorbitol or glycerol esters of long-chain fatty acids (including sorbitan oleate and 
glyceryl stearate SE), amine salts of alkyl phosphates (including TEA-stearate). amine salts of long-chain fatty acids 
(including DEA-cetyl phosphate), polymers such as acrylate/alkyl acrylate crosspolymers (including PEMULEN® TR-1 
and TR-2. and CARBOPOL® 1342, all sold by B.R Goodrich Company, Brecksville. Ohio U.S.A). and many others. The 

25 choice of an emulsif ier is well within ordinary skill in the art and is not a critical aspect of the invention. 

[0022] The invention will be further described by means of the following examples, which are not intended to limit the 
invention, as defined by the appended claims, in any manner. 

EXAMPLE 1 

30 

[0023] Sunscreen formulations according to the invention are prepared, using the following ingredients: 
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Inoredient 


SPF 30 


SPF 48 






Grams 




Part A 








Water 


57.39 


54.34 


10 


Acrvlates/C 10-30 alkvl acrvlate rrowmiumor 


0.38 


0.38 




PEQ-8 


4.23 


4.23 




Preservative 


1.00 


1.00 


15 


Disodium EDTA 


0.01 


0.01 




Part B 








Octyl methoxycinnamate 


7.50 


7.50 




Oxybenzone 


3.00 


6.00 


20 


Octyl salicylate 


5.00 


5.00 




Jojoba oil 


0.10 


0.10 




Vitamin E acetate 


0.10 


0.10 


25 


Aloe vera lipoquinone 


o in 


n in 

U. IU 


Homomenthyl salicylate j 


8.00 


8.00 




Parte 








Hydrophobic silica (AEROSIL R 972) 


0.55 


0.60 


30 


Part D 








Water 


12.00 


12.00 




DEA-cetyl phosphate 


0.59 


0.59 


35 


Part E 








Fragrance j 


005 j 


0.05 
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[0024] A lotion is formulated from these components using the following procedure: 

(a) combine and mix all of the Part A ingredients in a vessel, except for the acrylates/C10-30 alkyl acrylate cross- 
polymer which is sprinkled over the combination and mixed well; 

(b) combine and mix all of the Part B ingredients in a vessel and heat to about 57 to 63°C* 

(c) slowly add the Part C ingredient to the mixture of step (b) and mix to thoroughly disperse- 

<d) slowly add the step (c) mixture to the step (a) mixture, with high shear mixing using a toothed circular Wade 
where the teeth alternate between pointing upward and downward, or a propeller having blade tips bent upward' 
and continue the mixing for 15 minutes; 

(e) combine the Part D ingredients in a vessel and heat to about 82-88°C with mixing to form a clear dispersion- 
(J change the mixer used in forming the step (d) product to a high speed propeller agitator and add to that product 
the dispersion of step (e) to form a final emulsion, then continue mixing for 3 minutes- 

(g) with continued mixing, add to the step (f) product the Part E ingredient and any additional water required to com- 
pensate for evaporative losses during the procedure. 

EXAMPLE 2 

[0025] Resistance to mechanical stress degradation of a lotion formulation prepared according to the invention is 
compared wrth that of a prior art lotion formulation. The SPF 30 formulation of the preceding example is "A" in the table 
below, while the "B- formulation is an SPF 30 formulation prepared similarly, but containing 1 .50 weight percent of the 
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identical silica (from the same production lot) and the following sunscreen active ingredients: 7.50 weight percent octyl 
methoxycinnamate; 5.00 weight percent oxybenzone; and 5.00 weight percent octyl salicylate; the concentration ratio 
of sunscreen active agents to silica is 11.7 in formulation B. The oil phase of the "B" formulation also contains 5.00 
weight percent of the emollient octyl palmitate, to approximately match the total "oil phase" contents of the two formu- 
5 lations. This silica is about 3 percent wetted by 30 volume percent aqueous methanol, about 25 percent wetted by 35 
volume percent methanol, and is totally wetted by 50 volume percent methanol. 

[0026] The table gives emulsion droplet sizes, in micrometers, as measured by a laser diffraction technique; 90 per- 
cent of the particles in a sample will have droplet sizes below each given value. For each formulation, the "Control" 
relates to the unstressed emulsion as prepared, the "15 Minutes Mixing" and "30 Minutes Mixing" values are obtained 
w after moderate-speed mixing with a propeller agitator, and the "2.5 Minutes Shaking" and "5 Minutes Shaking" values 
are obtained following vigorous hand shaking of the formulation in a closed tube. 



Stress 


Sample A 


Sample B 


Control 


8.32 


18.6 


15 Minutes Mixing 


9.94 


38.0 


30 Minutes Mixing 


9.91 


62.9 


2.5 Minutes Shaking 


12.7 


43.0 


5 Minutes Shaking 


13.8 


50.0 



[0027] Production and maintenance of formulations with smaller droplet sizes are preferred. The results above indi- 
cate that the sunscreen according to the invention initially has a smaller droplet size, and maintains a smaller droplet 
size when stressed. 



Claims 

30 

1. A perspiration-resistant oil-in-water sunscreen emulsion formulation comprising an aqueous phase, an emulsifier, 
and an oil phase containing submicron silica particles having a hydrophobic surface and at least one active sun- 
screen agent, the concentration ratio of sunscreen agents to silica being at least about 30. 

35 2. The formulation of claim 1 , wherein the silica particles have average diameters no greater than about 1 microme- 
ters. 

3. The formulation of claim 1 , wherein the primary silica particles have average diameters about 16 nanometers. 

40 4. The formulation of claim 1 , wherein the silica particles are substantially completely wetted by an aqueous solution 
containing about 50 volume percent methanol. 

5. The formulation of claim 1 . wherein no more than about 3 volume percent of the particles are wetted by an aqueous 
solution containing about 30 volume percent methanol. 

45 

6. The formulation of claim 1 , wherein no more than about 25 volume percent of the particles are wetted by an aque- 
ous solution containing about 35 volume percent methanol. 

7. The formulation of claim 1 . wherein the silica particles are substantially completely wetted by an aqueous solution 
so containing about 50 volume percent methanol, and are essentially not wetted by aqueous solutions containing up 

to about 35 volume percent methanol. 

8. The formulation of claim 1 , wherein the concentration ratio of sunscreen agents to silica is at least about 40. 

55 9. The formulation of claim 1 , wherein the silica is a fumed silica which has been reacted with dimethyldichlorosilane. 

10. A perspiration-resistant oil-in-water sunscreen emulsion formulation comprising an aqueous phase, an emulsifier, 
and an oil phase containing submicron silica particles having a hydrophobic surface and being substantially com- 
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pletely wettable by a 50 volume percent aqueous methanol solution, but essentially not wetted by a 30 volume per- 
cent aqueous methanol solution, and at least one active sunscreen agent, the concentration ratio of sunscreen 
agents to sifica being at least about 30. 

1 1 . The formulation of claim 1 0, wherein no more than about 25 percent of the silica particles are wetted by a 35 vol- 
ume percent aqueous methanol solution. 

12. The formulation of claim 10, wherein the silica is essentially not wetted by a 35 volume percent aqueous methanol 
solution. 

13. The formulation of claim 10, wherein the concentration ratio of sunscreen agents to silica is at least about 40. 

1 4. The formulation of claim 1 0. wherein the emulsif ier comprises an amine salt of an alkyl phosphate, an acrylate/alkyl 
acrylate crosspolymer. or a combination thereof. 

15. A perspiration-resistant oil-in-water sunscreen emulsion formulation comprising an aqueous phase, an emulsif ier 
comprising at least one of an amine salt of an alkyl phosphate and an acrylate/alkyl acrylate crosspolymer, and an 
oil phase containing submicron silica particles having a hydrophobic surface and being substantially completely 
wettable by a 50 volume percent aqueous methanol solution, but essentially not wetted by a 30 volume percent 
aqueous methanol solution, and at least one active sunscreen agent, the concentration ratio of sunscreen agents 
to silica being at least about 40. 

16. The formulation of claim 15, wherein the emulsif ier comprises a combination of acrylates/ClO-30 alkyl acrylate 
crosspolymer and DEA-cetyl phosphate. 

17. The formulation of claim 15, wherein octyl methoxycinnamate; oxybenzone and octyl salicylate are present as 
active sunscreen agents. 



NSDOCID: <EP 0919222A1_I_> 



7 



f 



( 



EP 0 919 222 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numbtr 

EP 98 30 9567 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 


A 


DATABASE PROMT 
Information Access Co., UK 
AN 92:289972, 1992 

"Coppertone Sport Dry Lotion Sunblock..." 
XP002096208 
* abstract * 

& PRODUCT ALERT, 11 May 1992, page n/a 


1-17 


A61K7/42 


A 


US 5 618 522 A (KALETA ET AL.) 
8 April 1997 

* claims 1-8; examples 1-3 * 


1-17 




A 


EP 0 678 292 A (L'OREAL) 25 October 1995 

* page 7, line 51 - page 8, line 17 * 

* examples 1-4 * 


1 




X,P 


PRITTS ET AL.: "New Coppertone Sport 

Ultra Sweatproof Dry Lotion SPF 48 offers 

maxlmun protection and performance for 

outdoor sports enthusiasts" 

LIBERTY CORNER, 1 February 1998, 

XP002096207 

New Jersey, USA 

Retrieved from Internet: <URL 

http : //www . coppertone . com/news/press 

re i eases/pruD . nxm i ? iu nai tn 

2 pages 

* page 1 - page 2 * 


1-17 








TECHNICAL FIELDS 
SEARCHED <lnt-CU) 






A61K 


X,P 


DATABASE PROMT 
Information Access Co, UK 
AN 1998:113422, 1998 

"Coppertone Sport Ultra Sweatproof Dry 
Lotion ..." 
XP002096209 
* abstract * 

& PRODUCT ALERT, 23 February 1998, page n/a 


1-17 




The present search report has been drawn up for all claims 







BERLIN 



11 March 1999 



Alvarez Alvarez, C 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant t taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O : non-written diectosuie 
p : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but pubftehed on. or 

after the fUing date 
D : document cited In the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



8 



0919222A1 I > 



c 



G 



EP 0 91 9 222 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 30 9567 



This annex lists the patent lamily members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given lor the purpose of information. 

11-03-1999 



raBIll (KlCUITIeni 




r LI OS rvcHPU' 1 




Pa fori t tamrlu 




Pi j hi ^Atarvi 


cited in search report 




date 




member(s) 




date 


US 5618522 


A 


08-04-1997 


NONE 








EP 678292 


A 


25-10-1995 


FR 


2718638 


A 


20-10-1995 








AT 


166571 


T 


15-06-1998 








AU 


677892 


B 


08-05-1997 








AU 


1501895 


A 


16-11-1995 








BR 


9501378 


A 


14-11-1995 








CA 


2147230 


A 


20-10-1995 








CN 


1116520 


A 


14-02-1996 








DE 


69502657 


D 


02-07-1998 








DE 


69502657 


T 


24-09-1998 








ES 


2119324 


T 


01-10-1998 








HU 


72626 


A 


28-05-1996 








JP 


2776760 


B 


16-07-1998 








JP 


7309735 


A 


28-11-1995 








PL 


308197 


A 


30-10-1995 








US 


5762912 


A 


09-06-1998 



For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



0919222A1J_> 



c 



hlsS Pqqq g 




